Urban wetlands in Bamenda municipality play a vital role in vegetable production, but variability in the physico-chemical properties of soils is of dire concern. Twenty-one surface soil samples were analyzed for their physico-chemical properties using standard methods to examine the fertility status of the soils, evaluate their variability and constraints, and provide adequate data for planning sustainable land management. The coefficient of variation was used as an index of soil variability, while sources of soil variation and subsequent grouping into management units were identified using linear correlation, linear regression and principal component analyses. The results indicated that the soil pH was slightly variable while organic matter varied considerably. Correlation coefficients between some of the soil parameters were highly significant (p<0.01) ranging from -0.950 to 0.999, but most of them had correlation values less than 0.500. Regressions depicted multiplicity of sources of different variables. Six principal components: base status, organic matter, weathering, acidity, sodium (Na) dispersal, and neo-synthesis, grouped the soils in management units and explained 96.24% of the variations observed. For a proper management of the soils, individual management units should be established for the municipality.
INTRODUCTION
Vegetables are an important component of a healthy diet in the world (Obuobie et al., 2006) . They have been hailed for their nutritional and non-nutrient bioactive ingredients (Smith and Eyzaguirre, 2007) . If consumed daily in sufficient amounts, they would help prevent major diseases such as cardio-vascular diseases and certain cancers. The low intake of fruit and vegetables is responsible for about 31% of ischaemic heart diseases and 11% of strokes (WHO, 2002) . Each year, over 2.7 million lives would be saved if fruit and vegetables consumption are sufficiently increased. It has been recommended that a minimum of 400 g of fruit and vegetables should be consumed/day/individual (FAO/WHO, 2003) .
However, the increase in soil degradation has posed a serious threat to agricultural productivity (Vanlauwe et al., 2002) . Some of the major factors of soil degradation are the decline in soil fertility as a result of the lack of nutrient inputs (Tening et al., 1995; Hartemink, 2010) , the use of urban wastes (Alloway, 1995) , inappropriate land use, poor management, erosion, salinization (Bationo et al., 2006) and climatic constraints.
Tropical soils have low soil organic carbon, pH, CEC and are mainly composed of low activity clays and sesquioxides (Yerima and Van Ranst, 2005a) . Under such conditions, crop yield could only be increased by adequate application of fertilizers and organic manure. This will require that baseline fertility status of these soils and how they vary in space are known. In urban environments and wetlands in particular, soil management practices greatly affect soil properties (Taboada-Castro et al., 2009 ). These also affect soil reactions and the availability of different nutrient elements (Abd-Rahim et al., 2011) . The soils of the wetlands of Bamenda municipality are frequently being disturbed; anthropogenic disturbed soils have peculiar properties (Ibrahim et al., 2012) . As such, soil degradation and the depletion of nutrients are perceived to increase and would become a serious threat to productivity and health of soils. Unfortunately, and too frequently, vegetable farmers in the wetland gardens usually handle the soils in a similar manner believing that the soils are the same. Soil properties exhibit a great spatial and temporal variability (Yerima and Van Ranst, 2005a) . Studies on soil variability have relevance in sampling (Tabi and Ogunkunle, 2007) , in site specific soil fertility management (UNEP, 2006) , in definition of land management units (Tittonell et al., 2008; Salami et al., 2011) and in explaining variation in crop growth and yield (Kosaki and Juo, 1989; Tittonell et al., 2008) . The management pattern of soil physico-chemical properties variability has implications for variable rates of applications and design of soil sampling strategies in alluvial flood plain soils.
In the Bamenda municipality, urban and peri-urban wetland soils are increasingly being used for the cultivation of vegetables. Too often, both commercial and resource-poor vegetable farmers in this municipality have incurred huge losses of their investment due to poor crop yield which could partly be emanating from the fertility status of the soils.
Some preliminary studies revealing these constraints have been carried out on the soils of this municipality As ongwe et al. 75 (Kometa, 2013; Asongwe et al., 2014) . However, a comprehensive work on the soils of this sub-region is yet to be done. This will assist in exposing more properties of these soils to satisfy the needs of a larger spectrum of resource users. It is thus hypothesized that soil variability in the area is high and needs more than one management regime. The objectives of the study will be to: a) evaluate fertility status of the soils, b) Identify variations and the current utilization constraints and, c) group soils in management regimes to provide data for use by stakeholders in planning sustainable land management in the Bamenda urban Municipality.
MATERIALS AND METHODS

Description of the study area
The area covered by this study includes urban and peri-urban wetlands in the Bamenda City Council of the North West Region of Cameroon (Figure 1 ). It is part of the Bamenda escarpment and located between latitudes 5° 55'' N and 6° 30'' N and longitudes 10° 25'' E and 10° 67'' E. The town shows an altitudinal range of 1200 -1700 m, and is divided into two parts by escarpments; a low lying gently undulating part with altitudes ranging from 1200 to 1400 m, with many flat areas that are usually inundated for most parts of the year, and an elevated part at 1400 to 1700 m altitude that forms the crest from which creeks, and streams, supplying the low lying parts take their rise.
This area has two seasons; a long rainy season, which runs from mid-March to mid-October and a short dry season that spans from mid-October to mid-March. The area lies within the thermic and hyperthemic temperature regimes. Mean annual temperatures stand at 19.9°C. January and February are the hottest months with mean monthly temperatures of 29.1°C and 29.7°C, respectively. This area is dominated by the Ustic and Udic moisture regimes with the Udic extending to the south (Yerima and Van Ranst, 2005b) . Annual rainfall ranges from 1300 -3000 mm (Ndenecho, 2005) . The area has a rich hydrographical network with intense human activities and a dense population along different water courses in the watershed. The area is bounded on the West, North and East by the Cameroon Volcanic Line (made up of basalts, trachytes, rhyolites and numerous salt springs). The geologic history of this area originates from the Precambrian era where there was vast formation of geosynclinal complexes, which became filled by claycalcareous, and sandstone sediments (Yerima and Van Ranst, 2005b) . These materials, crossed by intrusions of crystalline rocks, were folded in a generally NE-SW direction and underwent variable metamorphism (Yerima and Van Ranst, 2005a) . The Rocks in the area are thus of igneous (granitic and volcanic) and metamorphic (migmatites) origin (Kips et al., 1987) , which give rise to ferralitic soils (GP-DERUDEP, 2006) .
The main human activity in and around this area is agriculture, which according to Grassfield Particpatory-Decentralised and Rural Development Project (GP-DERUDEP, 2006) involves over 70% of the population that use rudimentary tools. More than 81.7% of the active agricultural population is involved in farming, 11.6% in fishing and 6.5% in grazing (GP-DERUDEP, 2006 and grazing involves the use of fertilizers that is a potential source of pollution. The area equally harbours the commercial centre that has factories ranging from soap production, and mechanic workshops to metallurgy, which may be potential sources of pollutants. An important vegetation type in this area is the raffia palm (Raffia farinifera) bush, which is largely limited to the wetlands (Valleys and depressions). R. farinifera provides raffia wine, a vital economic resource to the inhabitants who are fighting against the cultivation of these wetlands by vegetable farmers.
Soil sampling and analysis
Twenty-one soil samples (0 -25 cm) were randomly collected within the wetlands (Figure 1 ) and taken to the laboratory in black plastic bags. The soil samples were air-dried and screened through a 2-mm sieve. They were analyzed for routine parameters in the Environmental and Analytical Chemistry Laboratory of the University of Dschang, Cameroon. Particle size distribution, cation exchange capacity (CEC), exchangeable bases, electrical conductivity (EC) and pH were determined by standard procedures (Pauwels et al., 1992) . Soil pH was measured both in water and KCl (1:2.5 soil/water mixture) using a glass electrode pH meter. Part of the soil was ball-milled for organic carbon (OC) (Walky and Black method) and Kjeldahl-N as largely described by Pauwels et al. (1992) . Available P was determined by Bray II method. Exchangeable cations were extracted using 1 N ammonium acetate at pH 7. Potassium (K) and sodium (Na) in the extract were determined using flame photometer and magnesium (Mg) and calcium (Ca) were determined by complexiometric titration. Exchangeable acidity was extracted with 1 M KCl followed by quantification of Al and H by titration (Pauwels et al., 1992) . Effective cation exchange capacity (ECEC) was determined as sum of bases and exchanged acidity. Apparent CEC (CEC at pH7) was determined directly as outlined by Pauwels et al. (1992) . Based on critical values of nutrients established for vegetables, nutrients were declared sufficient or deficient.
Statistical analysis
The data were subjected to statistical analysis using Microsoft Excel 2007 and SPSS statistical package 20.0. Soil properties were assessed for their variability using coefficient of variation (CV) and compared with variability classes (Tables 1 and 2, respectively).
Where: Sd = standard deviation; = arithmetic mean of soil properties. Adapted from Beernaert and Bitondo (1992) .
In order to identify the factors causing variation in the soil properties, principal component analysis (PCA) were applied.
Varimax rotation was applied to do away with the problem of autocorrelation and to reduce the contributing soil factors to orthogonal principal components (Phil-Eze, 2010) . The coefficients of the principal components are the Eigen values. Analysis of correlation coefficients and coefficient of variations were also used to identify soil factors that correlate significantly and differ, respectively.
RESULTS AND DISCUSSION
Physico-chemical properties of surface soil samples collected from the wetland gardens of Bamenda municipality
The results of the physical and chemical properties of the soils vary considerably (Tables 3 and 4 ). Ninety percent of the soils in the wetlands have a sandy loam texture while 10% are of the sandy clay-loam textural class (Table 3) . The clay contents of the soils ranged from 10 to 21% with an average of 16.7% (Table 5 ). According to Mengel and Kirkby (1987) , sites with high percentage of clay and silt are recommended for agricultural practices as they are capable of providing good aeration and retention and therefore supply nutrients and water. However, these soils were poor in such parameters, predicting low agronomic potentials. The soils of the area vary from acidic, through moderately acidic to slightly acidic. Average soil pH (H 2 O) was 5.3 and 4.6 for pH (KCl). Generally, pH (KCl) ranged from 4.0 to 5.4 and was lower than those of pH water which ranged from 4.3 to 6.3. The variation of ∆pH (pH (KCl) -pH (H 2 O)) was negative throughout. This indicates that the net charge on the exchange complex is negative, and thus exhibit cation exchange capacity. However, according to Yerima and Van Ranst (2005a) , some tropical soils due to intensive rainfalls and weathering are dominated by positive charges with anion exchange capacity predominant. Percent organic carbon ranged from 3.21 (Mile 4 market area) to 13.63% (Mulang 4 near houses) with an average value of 8.19 % in the entire area. The organic matter, according to critical values by Beernaert and Bitondo (1992) (Table 2) , varied from high to very high values, with a range from 5.67 to 23.50%. It had a weak positive correlation (r = 0.218; p>0.05) with the clay fraction of soil. This is an indication that the distribution of organic matter in the soil is not influenced by clay. This variation might be attributed to the constant addition of organic matter from varying anthropogenic activities such as the application of poultry manure, and municipal wastes, which showed significant differences of physico-chemical parameters to those of soils at the 1% probability level (Table 4) and varying levels of stratification due to seasonal flooding. In the tropics, soil organic matter is central to sustaining soil fertility on smallholder farms (Swift and Woomer, 1993; Woomer et al., 1994) . In low-input agricultural systems in the tropics, it helps retain mineral nutrients (N, S, micronutrients) in the soil and make them available to plants in small amounts over many years as it is mineralized. In addition, soil organic carbon increases soil flora and fauna (associated with soil aggregation, improved infiltration of water and reduced soil erosion), complexes toxic Al and manganese (Mn) ions (leading to better rooting), increases the buffering capacity on low-activity clay soils, and increases waterholding capacity (Woomer et al., 1994) . Continuous cropping, with its associated tillage practices, provokes an initial rapid decline in soil organic matter, which then stabilizes at a low level (Woomer et al., 1994) . Total N ranged from 0.3 to 0.8% (Table 5) . Landon (1991) reported that for tropical soils, total nitrogen content of 0.13% is sufficient. Nitrogen is highly mobile and easily lost and vegetables need high quantities. This necessitates high application of nitrogen fertilizers to maintain the production of vegetables in the wetlands which are already vulnerable given that they are dominated by the sandy fraction. The C/N ratio varying from 5.58 to 36.03 indicated that, the soils range from good to poor. Despite the fact that the soil are rich in organic carbon, the very high C/N ratio witnessed in some areas indicate difficulties in mineralization which could be ascribed to water stagnation. Likewise, farm specific practices might have also influenced the inconsistent pattern in mineralization. Areas characterized by rapid mineralization would result in high nitrogen losses which necessitate high nitrogen fertilization, a constraint to peasant farmers caused by poverty. Generally, a majority of the soils had C/N ratios less than 25. According to Mengel and Kirkby (1987) , soils with C/N ratios less than 25 ameliorate soil properties and the organic materials of the mull type.
Available P was associated with organic carbon. It ranged from 8 to 76 mg/kg. Available P concentrations lower than 16 mg/kg in soils are considered low to ensure adequate phosphate supply to most plants (Landon, 1991) . The availability of phosphorus might also be limited due to the nature of the parent material that is generally granitic (Kometa, 2013) , high phosphorus sorption (Coulombe et al., 1996; Tening et al., 2013) , and low pH values observed in these soils.
Calcium and Mg dominate the exchange complex but their concentrations were low ranging from 0.20 to 0.54 cmol/kg for Ca (with a variance of 0.015) and 0.37 to 0.68 cmol/kg for Mg (with a variance of 0.011). Accordingto Landon (1991) , deficiencies of Ca are normal in soils with pH ≤ 5.5 which have been obtained in some sites of this study. Continues cultivation without returning residues to soil depletes these nutrients. Major sources of Mg in soils include amphiboles, olivine, pyroxene, dolomites and phyllosilicate clay minerals (Todd, 1980) . The low values of Mg in the soils of the study area could be an indication that the aforementioned minerals are not present in substantial amounts. Calcium and Mg showed a highly significant positive correlation (r = 0.869 and r = 0.780) with exchangeable bases at the 1% probability level (Table 6 ). The Al concentration ranged from 0.02 to 0.05 cmol/kg. In the exchangeable acidity, it concentrations were significantly (r = 0.710) lower than that of H, at the 5% probability level. This is an indication that the sources of charges on the exchange colloids displaced by neutral salts are pH dependent. The CEC of the soil according to the critical values of soil nutrients varied from low to medium, ranging from 29.96 to 48.99 cmol/kg of soil with a standard deviation of 4.523. These soils could thus have a limited amount of weatherable minerals warranting nutrient application when extensively cultivated. It was reported that, ECEC values of 4 meq/100g of soil marks the minimum limits (FAO, 2006) . These soils thus have moderate potential to hold nutrients against leaching losses. It is thus imperative to raise the pH of the soils in areas of low pH in order to increase this potential.
Base saturation ECEC for the soils ranged from 65.44% at Slap 4 to 99.29% at the right side of the road of Foncha Street. This parameter is a good indicator of soil fertility in terms of the availability of nutrient elements. However, an ideal soil should have the exchange complex saturated in the ratio of 76/18/6 by the elements Ca/Mg/K, respectively (Yerima and Van Ranst, 2005a) . In this study, Ca, Mg, and K occupied, Table 7 shows the mean physico-chemical properties of surface soil in the three major sites assessed. These soils were evaluated for their variability using coefficient of variation (CV %). Tabi and Ogunkule (2007) have similarly used the thresholds of CV presented in Table 1 to group variability in soil properties. According to Ogunkule (1993) , Tabi and Ogunkunle (2007) , Tabi et al. (2012) , CV values ranging from 0-15% are considered slightly variable, 15-35% moderately variable, while > 35% they are considered highly variable (Table 8) . Soil pH (H2O or KCl), percent sand, CEC soil, and Na were consistently slightly variable. The variability of soil pH is similar to those reported by Tabi and Ogunkunle (2007) for Alfisols in Southern Nigeria, Tabi et al. (2012) for vertisols under rice cultivation in the Logone flood plain of Nothern Cameroon and Ndukwu et al. (2013) for soils affected by animal wastes in Uyo, Akwa Ibom State of Nigeria. Soil pH is a very important parameter that influences many physico-chemical properties of soils including the availability of nutrients. Despite the fact that the variability reported for pH is small, minor changes in pH units have significant effects on nutrient availability. Silt, clays, EC, ECEC, Al 3+ , were slightly moderately variable. However, they were dominated by moderately variable class. This could be attributed to variation in levels of alluvial materials received. In addition, variation in chrono sequences of materials that have been subjected to different intensities of weathering could have a significant effect on these physical parameters. All these factors have significant implications on water and nutrient management of the wetlands of Bamenda municipality. In a majority of the farms, the exchangeable bases were moderately variable. The moderate variability of these essential nutrients could be linked to variation in soils amendment activities by farmers. The moderate variability of these bases implies that, for proper management of the farms, a unique policy for the area is insufficient to meet the desires of the farmers such as the application of organic and/or inorganic fertilizers. Organic matter, available P, exchange acidity, CEC clay, BSECEC, H + , Tot. N, were moderately to highly variable. Most of these parameters owe a lot of their origin to organic materials. Natural denudation inclusive, urban swept off, farming activities such as residue management, crop species and land preparation/ management practices could have influenced the nature and management of soil properties of the area. The available phosphorus and base saturation which is equally slightly variable reflects pH variability.
Variability of surface soil properties in the wetlands of Bamenda municipality
Sources of variation of soil properties
The correlation coefficients (Table 6 ) were used to group various soil properties at each site. The coefficients ranged between -0.950 and 0.999. Even though some ofthe correlations were highly significant (p<0.01), most of them had correlation values less than 0.500. The highest positive (-0.919) which was significant at the 1% probability level. Similarly at the 1% probability level, sand equally had a negative correlation with Al content of the soils (r = -0.768). The negative correlation could be attributed to the fact that as the soil becomes sandier, very few colloids are left in place for retention of Al which is toxic to the plants.
Simple linear regressions establish functional relationships between variables. In the wetlands of Bamenda municipality, except for organic matter and CEC that showed a definite functional relationship, despite the correlations, the clay content and CEC, total N and organic matter, and total N and available P did not show a definite functional linear relationships (Figure 2 ). This is an indication that the high correlations witnessed amongst these variables are influenced by a multiplicity of factors. These results strongly contrast those of Yerima et al. (2009) on inceptisols of the Bale Mountain area of Ethopia. These differences could be attributed to the fact that soils of the wetlands of Bamenda municipality are fluvisols with short-range variability. This is in agreement with reports by FAO-ISRIC-ISSS (1998) and Yerima and Van Ranst (2005b) who have suggested the irregular distribution of organic matter and other parameters in fluvisols. The inexistence of definite trends in these urban and peri-urban soils could be ascribed to the continuous excavation activities and/or seasonal deposition of run-off sediments and urban wastes. The data of 22 variables considered in this study were also subjected to R-mode factorial analysis using the six-factor model, which accounted for 96.24% of the total data variance. The resulting varimax is summarized in Table 9 . The computations were performed with the SPSS computer software package version 20.0. Only variables with loadings > 0.5 were considered significant. Contributions of the various principal components (PCI) were 20.9 (PC1), 18.7 (PC2), 17.1 (PC3), 16.6 (PC4), 14.98 (PC5) and 8.02% (PC6). The 6 PCs identified constitute the minimum dataset required to group fluvisols for vegetable cultivation in the wetlands of Bamenda municipality. The factors (PCI) extracted from Table 9 are as follows ( Mg (0.508) . This is consistent with observations for soils in a similar environment of the Logone and Chari plain in the northern region of Cameroon under rice cultivation (Tabi et al., 2012) .
Factor 3 is composed of sand, silt, clay, Al and EC. This component was termed weathering and associated moisture retention factor because of a high positive loading of clay (0.950) greater than silt (0.901), moderate positive loading of Al (0.616) and a moderate negative loading of EC (-0.579).
Factor 4 grouped EC, OC, OM, C/N, K and CEC clay: the factor was ascribed an organic matter factor because of a high (same) positive loading for organic matter content (0.862) and organic matter quality (C/N) (0.732), moderate positive loading from K (0.626); but a high negative loading from CECclay (-0.811). The major source of this component would be the decomposition of natural vegetation material in the area. Factor 5 was composed of Mg, CECsoil, ECEC and K. The factor had high positive loading from CECsoil (0.937), ECEC (0.937), moderate loading from Mg (0.719) and a moderate negative loading from K (-0.540). This factor was described as a mineral neo-synthesis related component derived mainly from the deposition of Mg eroded from uplands and deposited in the wetland which gradually replaces K in interlayers of micaceous minerals in the wetlands to form expanding minerals such as vermiculites.
Factor 6 grouped N, available P and Na. This is a dispersal-mineralization factor influenced by anthropogenic activities of the International soap factory (high sodium released) and the cow slaughter house (high organic matter containing nitrogen which is rapidly mineralized due to dispersion caused by Na). The factor had high positive loading from Na (0.818), moderate loading from available phosphorus (0.690) but a negative yet moderate loading from total N (-0.690). Potentially mineralizable nitrogen is an important measure of N supplying capacity in wetland soils, which is most usually not calculated. The findings of this component are in conformity with the reports of Mengel and Kirkby (1987) and Tabi et al. (2012) that nitrogen is one of the most important factors controlling potential mineralizable N in wetland soils. Generally, the results reported here agree with those of other authors. For example, Salami et al. (2011) identified potential fertility, available phosphorus, organic matter, acidity and sand-silt as factors responsible for soil fertility variation in the northern guinea savanna agro-ecological zone of Nigeria. Kosaki and Juo (1989) identified inherent fertility status (represented by Mg, Ca, K, sand, silt and clay) and available phosphorus as major factors causing soil variation in wetland fields in southwestern Nigeria. In fact, no sampling site was completely homogeneous in relation to soil management units
Conclusion
The fluvisols of the Wetlands of Bamenda municipality have been highly influenced by human activities. Ninety percent of the soils have a sandy loam texture while 10% are of the sandy clay-loam textural class. The surface soils were slightly acidic to neutral with an average pH (H2O) of 5.3 and 4.6 for pH (KCl). The organic matter content varied from high to very high values, ranging from 5.67 to 23.50% but with a fast mineralization rate. Most of the soil properties were positively correlated but did not show definite linear relationships (except organic matter and CEC), depicting multiplicity of sources. The pH was slightly variable, while other soil properties were moderately to highly variable. Six principal components (PCs): base status, organic matter, weathering, acidity, Na dispersal and mineral neo-synthesis factors, explained 96.24% of the variations observed in the soil properties. They constitute a minimum dataset required to group soils in the Bamenda wetland gardens. It is recommended that a detailed mapping of soil properties be carried out for the establishment of a soil fertility map for Bamenda municipality; fertilizer recommendations should be established for the different soil management units and farming systems which favor buildup of soil organic matter and use of animal manure should be encouraged.
